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ABSTRACT 

This Technical Performance C r i t e r i a  Document 

c o n t a i n s  t h e  AS-502 miss ion  o b j e c t i v e s  and 

t h e  S-IVB-502 s t a g e  t e c h n i c a l  performance 

c r i t e r i a  which w i l l  be used t o  determine t h e  

C o n t r a c t o r ' s  c o s t  p l u s  i n c e n t i v e  f e e  bonus 

o r  p e n a l t y  p e r t a i n i n g  t o  miss ion  accomplish- 

ment, payload c a p a b i l i t i e s  and t e l eme t ry  

performance. 

DESCRIPTORS 

CPIF ( c o s t  p l i l s  i n c e n t i v e  f e e )  

AS-502 Mission 

S-IVB-502 s t a g e  

P recond i t ions  of F l i g h t  

End Conditions of F l i g h t  

Te leme t ry  Performance 

Payload Capab i l f ty  
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PREFACE 

This Technica l  Performance Cri ter ia  Document w a s  p repared  

i n  accordance w i t h  MSFC-DRL-021 Line  I t e m  181  ( r e f e r e n c e  1) 

and suppor t ing  Data Requirements D e s c r i p t i o n  SE-956 

( r e f e r e n c e  1). The document c o n t a i n s  t h e  AS-502 miss ion  

o b j e c t i v e s  and the S-IVB-502 s t a g e  t e c h n i c a l  performance 

c r i t e r i a  which w i l l  be used t o  de te rmine  t h e  C o n t r a c t o r ' s  

c o s t  p l u s  i n c e n t i v e  bonus o r  p e n a l t y  p e r t a i n i n g  t o  miss ion  

accomplishment, payload c a p a b i l i t i e s ,  and t e l eme t ry  

performance. 

PREFACE TO FIRST REVISION 

Dated 28 March 1968 

This r e p o r t  con ta ins  the  second i s s u e  of the  

S-IVB-502 Technical Performance Criteria Document 

and completely supercedes t h e  o r i g i n a l  r e p o r t  i s s u e d  

i n  December 1967. 

iii. 



TABLE OF CONTENTS 

Sect i o n  

1. 

2. 

3. 

Appendix 

1 

2 

Page - 
INTRODUCTION . . . . . . . . . . . . . . . . . . . . . . 1-1 

MISSION OBJECTIVES . . . . . . . . . . . . . . . . . . . 2-1 

TECHNICAL PERFORMANCE CRITERIA . . . . . . . . . . . . . 3-1 

3.1 G e n e r a l .  . . . . . . . . . . . . . . . . . . . . . 3-1 

3.2 F l i g h t  Mission Accomplishment . . . . . . . . . . . 3-1 

3.3 Payload Capab i l i t y  . . . . . . . . . . . . . . . . 3-2 

3.4 Telemetry Performance Evalua t ion  . . . . . . . . . 3-2 

APPENDICES 

GLOSSARY AND ABBREVIATIONS . . . . . . . . . . . . . . . AP 1-1 

REFERENCES. . . . . . . . . . . . . . . . . . . . . . . A P 2 - 1  

D I S T R I B U T I O N  LIST 

LIST OF TABLES 

Table  - 
3- 1 

3-2 

3- 3 

3-4 

Douglas P o s i t i o n ,  S-IVB-502 PCF and Assoc ia ted  
Tolerances  (S-II/S-IVB Separa t ion  Command) - - 3-6 

Douglas P o s i t i o n ,  S-IVB-502 ECF and Assoc ia ted  
Tolerances  (Waiting O r b i t  I n j e c t i o n )  . . . . . . . . . . 3-8 

PCF and ECF Parameter D e f i n i t i o n  . . . . . . . . . . . . 3-10 

Equat ions f o r  C3, I n c l i n a t i o n ,  Node Parameter  
and E c c e n t r i c i t y  . . . . . . . . . . . . . . . . . . . . 3-12 

i v  



SECTION 1 - 
INTRODUCTION 



1. INTRODUCTION 

This Technical Performance Criteria Document was prepared in accordance 

with MSFC-DRL-021 Line Item 181 (reference 1) and supporting Data 
Requirements Description SE-956 (reference 1). The document contains 
the AS-502 mission objectives and the S-IVB-502 stage technical per- 

formance criteria which will be used to determine the Contractor's 

cost plus incentive bonus or penalty pertaining to mission accomplish- 

ment, payload capability, and telemetry performance as defined in 

contract NAS7-101, supplemental agreement 1100. 

The technical performance criteria includes the required preconditions 

of flight, end conditions of flight, mission duration, payload capability, 
and telemetry performance. 
for two phases: (1) liftoff until first S-IVB stage ECC + 10 seconds and 
(2) liftoff until planned LV/SC separation. 

The telemetry performance will be evaluated 

Douglas Aircraft Company considers the SA-502 Launch Vehicle 

Mission Directive (reference 2) as the official document for providing 
identification and control of the launch vehicle mission requirements, 

These requirements include the primary and secondary mission objectives 

and are presented in section 2. 
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SECTION 2 - 
MISSION OBJECTIVES 



2. MISSION OBJECTIVES 

Douglas A i r c r a f t  Company cons iders  t h e  SA-502 Launch Vehic le  Mission 

Directive ( r e f e r e n c e  2) as t h e  o f f i c i a l  document f o r  provid ing  i d e n t i f i -  

c a t i o n  and c o n t r o l  of t h e  launch v e h i c l e  miss ion  requi rements .  

Apollo F l i g h t  Mission Assignments document ( r e f e r e n c e  3) and t h e  

Program Support  Requirements document ( r e f e r e n c e  4 )  a l s o  d e f i n e  mis s ion  

o b j e c t i v e s  and can b e  r e f e r r e d  t o  f o r  supplementa l  i n fo rma t ion .  The 

miss ion  d i r e c t i v e  s ta tes  t h a t  "primary o b j e c t i v e s  are those  which are 

mandatory and t h e r e f o r e ,  mal func t ions  of  launch v e h i c l e  sys  t e m s  , 
ground equipment o r  i n s t rumen ta t ion  which would r e s u l t  i n  f a i l u r e  t o  

achieve  those  o b j e c t i v e s  w i l l  b e  cause t o  h o l d  o r  cance l  t h e  mis s ion  

u n t i l  t h e  ma l func t ion  has  been e l imina ted ."  

o b j e c t i v e s ,  as l i s t e d  i n  the mis s ion  d i r e c t i v e ,  are shown below w i t h  

a s s igned  p r i o r i t i e s  i n d i c a t e d  t o  t h e  r i g h t  of each o b j e c t i v e .  For a 

nominal AS-502 f l i g h t ,  a l l  primary launch v e h i c l e  o b j e c t i v e s  are of  

equa l  importance.  The assigned p r i o r i t i e s  are in tended  f o r  u se  i n  

real t i m e  mi s s ion  contingency p lanning  only.  

The 

The AS-502 primary 

Primary Ob jec t ives  

a. Demonstrate t h e  S-IVB s t a g e  restart c a p a b i l i t y  

b .  Demonstrate t h e  adequacy o f  t h e  S-IVB cont inuous 

v e n t  system while  i n  e a r t h  o r b i t  

c. Demonstrate t h e  c a p a b i l i t y  of t h e  S-IVB a u x i l i a r y  

p ropu l s ion  system dur ing  S-IVB powered f l i g h t  and 

' o r b i t a l  c o a s t  per iods  t o  ma in ta in  a t t i t u d e  c o n t r o l  

and perform requ i r ed  maneuvers 

d. Demonstrate t h e  S-IVB s t a g e  p ropu l s ion  system 

i n c l u d i n g  t h e  p r o p e l l a n t  management systems ; and 

determine i n f l i g h t  system performance parameters  

e.  Demonstrate t h e  S-I1 s t a g e  p ropu l s ion  s y s  t e m ,  

i n c l u d i n g  programmed mixture  r a t i o  s h i f t  and t h e  

p r o p e l l a n t  management system and determine i n f l i g h t  

performance parameters 

Assigned 
P r i o r i  t i es  

1 

2 

2 
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f .  

g=  

h.  

i. 

j. 

k. 

1. 

m. 

n. 

0. 

P =  

Primary Ob jec t ives  

Demonstrate t h e  S-IC s t a g e  p ropu l s ion  s y s  t e m ,  

and de termine  i n f l i g h t  system performance 

p a r  ame t e rs 

Demonstrate S- IC/S-I1  d u a l  p l a n e  s e p a r a t i o n  

Demonstrate S-II/S-IVB s e p a r a t i o n  

Demonstrate t h e  miss ion  suppor t  c a p a b i l i t y  

r e q u i r e d  f o r  launch and miss ion  o p e r a t i o n s  t o  

h igh  p o s t - i n j e c t i o n  a l t i t u d e s  

Demonstrate s t r u c t u r a l  and thermal i n t e g r i t y  of 

launch v e h i c l e  throughout powered and c o a s t i n g  

f l i g h t ,  and determine i n f l i g h t  s t r u c t u r a l  l oads  

and dynamic c h a r a c t e r i s t i c s  

Determine i n f l i g h t  launch v e h i c l e  i n t e r n a l  

environment 

Demonstrate t h e  launch v e h i c l e  guidance and 

c o n t r o l  system during S-IC, S-11, and S-IVB 

powered f l i g h t ,  achieve guidance c u t o f f  and 

e v a l u a t e  system accuracy 

Demonstrate launch v e h i c l e  sequencing system 

Evalua te  performance of t h e  emergency d e t e c t i o n  

system (EDS) i n  a closed-loop c o n f i g u r a t i o n  

Demonstrate compa t ib i l i t y  of t h e  launch v e h i c l e  

and s p a c e c r a f t  

Ver i fy  prelaunch and launch suppor t  equipment 

c o m p a t i b i l i t y  wi th  launch v e h i c l e  and s p a c e c r a f t  

s y s  terns. 

Assigned 
P r i o r i  t ies 

4 

6 

6 

6 

6 

7 

Secondary o b j e c t i v e s  as de f ined  i n  t h e  miss ion  d i r e c t i v e  "are t h o s e  

which are d e s i r a b l e  b u t  no t  mandatory. Malfunctions which may r e s u l t  
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i n  f a i l u r e  t o  a t t a i n  these  o b j e c t i v e s  may b e  cause t o  h o l d  o r  c a n c e l  the  

miss ion  as i n d i c a t e d  i n  the launch  mis s ion  ru l e s . "  The secondary 

o b j e c t i v e s  which are l i s t e d  i n  t h e  miss ion  d i r e c t i v e  are as fol lows:  

a. Determine launch  v e h i c l e  powered f l i g h t  e x t e r n a l  environment 

b .  Determine a t t e n u a t i o n  e f f e c t s  of exhaus t  f lames on RF 

r a d i a t i n g  and r e c e i v i n g  systems dur ing  main eng ine ,  r e t r o  and 

u l l a g e  motor f i r i n g s  . 
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3. TECHNICAL PERFORMANCE CRITERIA 

3.1 General  

The Douglas A i r c r a f t  Company w i l l  be  awarded a bonus i f  t h e  S-IVB-502 

s t a g e  s u c c e s s f u l l y  accomplishes t h e  a s s igned  f l i g h t  miss ion .  

t h e  Con t rac to r  w i l l  b e  assessed  a p e n a l t y  i f  t h e  S-IVB-502 s t a g e  f a i l s  

t o  accomplish t h e  ass igned  f l i g h t  miss ion  because  of i nadequa te  s t a g e  

p e r f o rman ce  . 

Conversely,  

The S-IVB s t a g e  requirements  are p resen ted  i n  t h e  Con t rac t  End I t e m  

Detail  S p e c i f i c a t i o n ,  No. CP209000A ( r e f e r e n c e  5 ) .  

3.2 F l i g h t  Mission Accomplishment 

A mis s ion  i s  cons idered  t o  b e  s u c c e s s f u l l y  accomplished i f  t h e  S-IVB-502 

s t a g e  d e l i v e r s  t o  t h e  payload a c c e p t a b l e  va lued  End Condi t ions  of F l i g h t  

(ECF) o r ,  i f  having  rece ived  from t h e  lower s t a g e s  and/or  i n s t rumen t  

u n i t  (IU) inadequate  P recond i t ions  of F l i g h t  (PCF), t h e  S-IVB s t a g e  

performance is such t h a t  t h e  ECF would have been accomplished had the 

PCF been adequate .  

Tables  3-1 and 3-2 p re sen t  t h e  Douglas p o s i t i o n  on PCF, ECF, and t h e i r  

r e s p e c t i v e  a l lowab le  t o l e r a n c e s  a p p l i c a b l e  t o  i t s  S-IVB-502 f l i g h t  

m i s s  i on .  

The f l i g h t  t i m e  which w i l l  be  used i n  c a l c u l a t i n g  and e v a l u a t i n g  t h e  

PCF parameters  w i l l  be  the  t i m e  when t h e  I U  w i l l  have i s sued  t h e  

S-II/S-IVB s e p a r a t i o n  command. 

c a l c u l a t i n g  and e v a l u a t i n g  t h e  ECF t r a j e c t o r y  parameters  w i l l  be  t h e  

t i m e  when t h e  S-IVB-502 s t a g e  w i l l  have been i n j e c t e d  i n t o  t h e  w a i t i n g  

o r b i t ,  which is  de f ined  a s  10 sec a f t e r  t h e  I U  command s i g n a l  i s  i s s u e d  

f o r  second S-IVB 5-2 engine c u t o f f .  

The f l i g h t  t i m e  which w i l l  b e  used i n  

The ECF a t t i t u d e  c o n t r o l  parameters  w i l l  b e  eva lua ted  throughout  

S-IVB f l i g h t  u n t i l  S-IVB/CSM s e p a r a t i o n  s i g n a l .  

have been e s t a b l i s h e d  f o r  t h r e e  s p e c i f i c  f l i g h t  phases ;  S-IVB powered 

Tolerances  
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f l i g h t ,  pa rk ing  o r b i t ,  and wa i t ing  o r b i t .  I n  t h e  assessment  of a t t i t u d e  

c o n t r o l  ECF, a temporary o r  i n t e r m i t t e n t  o u t  of t o l e r a n c e  cond i t ion  

s h a l l  n o t  be  cons idered  an  ECF v i o l a t i o n  u n l e s s  t h e  c o n d i t i o n  i s  caused 

by an  S-IVB system o r  subsystem f a i l u r e .  

Table  3-3 p r e s e n t s  t h e  d e f i n i t i o n s  used wi th  t h e  PCF and ECF parameters .  

Table  3-4 p r e s e n t s  t h e  equa t ions  used f o r  c a l c u l a t i o n  of ECF parameters .  

3 .3  Payload Capab i l i t y  
~~ ~ 

Payload c a p a b i l i t y  f o r  t h e  S-IVB-502 s t a g e  is  n o t  i n c e n t i v i s e d .  

3.4 Telemetry Performance Evalua t ion  

The measurements t o  be eva lua ted  f o r  t e c h n i c a l  performance i n c e n t i v e s  

are those  l i s t e d  i n  t h e  Ins t rumen ta t ion  Program and Components L i s t  

(IP&CL) ( r e f e r e n c e  6 )  t h a t  are wholly on t h e  S-IVB-502 s t a g e  and which 

are o p e r a t i v e  a t  t h e  t i m e  t h e  au tomat i c  launch sequence i s  i n i t i a t e d .  

Measurements which achieve  t h e i r  in tended  purpose are sco red  as success-  

f u l .  Measurements which do n o t  o b t a i n  v a l i d  d a t a  due t o  n o i s e  from 

unknown sources  w i l l  b e  removed from t h e  t o t a l  number of measurements upon 

which t h e  t e l eme t ry  performance e v a l u a t i o n  i s  based.  

The IP&CL l ists  a t o t a l  of 618 measurements of  which 12 are n o t  a c t i v e  

du r ing  f l i g h t  and 4 are not  wholly on t h e  S-IVB s t a g e ,  l e a v i n g  a t o t a l  

of 602 measurements t o  be eva lua ted  f o r  t e c h n i c a l  performance i n c e n t i v e s .  

The i n a c t i v e  measurements t h a t  w i l l  n o t  be eva lua ted  are l i s t e d  i n  t h e  

fo l lowing  t a b l e  : 

Me as uremen t 
No. 

Measurement 
T i t  l e  Reason 

These measurements 
are f o r  checkout 

K0141-411 Event - R/S 1 Pu l se  Sensor  

K0142-411 Event - R/S 2 Pu l se  Sensor  
only  and are n o t  
t r a n s m i t t e d  du r ing  K0149-404 Event - U/R J e t t i s o n  1 Pu l se  Sensor  

KO 15 0-404 Event - U / R  J e t t i s o n  2 P u l s e  Sensor  1 f l i g h t  by t h e  
S-IVB-502 s t a g e  
T/M system. J K0168-404 ' Event - Switch S e l e c t o r  R e g i s t e r  

T e s t  
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KO 16 9- 404 

K0176-404 

KO 17  7- 404 

D0545-407 

DO576-408 

DO577-406 

KO15 2-404 

Event - 

Event - 

Event - 

P r e s s  - 
P r e s s  - 
P r e s s  - 

Event - 

These measurements 
are f o r  checkout 1 EBW Pu l se  Sensor  OFF 

I n d i c a t i o n  
only  and are n o t  
t r a n s m i t t e d  du r ing  
f l i g h t  by t h e  

Ullage Rocket I g n i t i o n  Pu l se  
Sensor 1 I n d i c a t i o n  

Ullage Rocket I g n i t i o n  P u l s e  S-IVB-502 s t a g e  
T/M system. Sensor 2 I n d i c a t i o n  J 

Common Bulkhead Int-H/W 

Fuel Tank Ullage Umb-H/W 

Oxid Tank Ullage Umb-H/W 

These measurements 
are l a n d l i n e  f o r  
pre launch  r e q u i r e -  
ments and are n o t  

’ t r a n s m i t t e d  du r ing  
f l i g h t  by t h e  
S-IVB-502 s t a g e  
T/M system. 

Rate Gyro i s  n o t  
i n s t a l l e d .  

Rate Gyro Wheel Speed OK 
I n d i c a t i o n s  

The measurements n o t  wholly on t h e  S- IVB s t a g e  are t h e  fo l lowing :  

I D0153-423 P r e s s  - Chamb Ret ro  Rkt Pos I V - I  

Press - Chamb Ret ro  Rkt Pos 11-111 Transmi t ted  by S - I 1  
s t a g e  T/M t D0154-421 

D0155-420 Press - Chamb Ret ro  Rkt Pos 1-11 

D0156-422 Press - Chamb Ret ro  Rkt Pos 1 1 1 - I V  J 

3.4.1 Performance Basel ine Determinat ion 

Douglas A i r c r a f t  Company w i l l  u t i l i z e  t h e  fo l lowing  procedure t o  e s t ab -  

l i s h  t h e  o p e r a t i v e  and non-operative t e l eme t ry  measurements a t  t h e  i n i t i a -  

t i o n  of t h e  last  automatic  sequence p r i o r  t o  l i f t o f f .  This  i n fo rma t ion  

w i l l  be used as t h e  b a s e l i n e  f o r  subsequent  c a l c u l a t i o n  of t h e  t e l eme t ry  

performance i n c e n t i v e .  

P r i o r  t o  resuming t h e  count f o r  T -0 day,  t h e  DAC/FTC P r o j e c t  Engineer  

w i l l  c o n t a c t  MSFC/S-IVB P r o j e c t  O f f i c e  t o  review t h e  i n o p e r a t i v e  measure- 

ments,  t h e i r  f a i l u r e  mode, and t h e i r  e f f e c t  on launch and/or  miss ion .  

Cont inua l  s u r v e i l l a n c e  fo r  i n o p e r a t i v e  measurements w i l l  be  made by 

Con t rac to r  pe r sonne l  i n  t h e  blockhouse and t h e  C e n t r a l  In s t rumen ta t ion  

F a c i l i t y  (CIF) du r ing  T -0 day. MSFC w i l l  be p e r i o d i c a l l y  con tac t ed  by 

t h e  DAC/FTC P r o j e c t  Engineer up u n t i l  approximately T -15 min t o  r e p o r t  
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any a d d i t i o n a l  i n o p e r a t i v e  measurements d e t e c t e d  e i t h e r  by t h e  Launch 

Cont ro l  Center  o r  CIF personnel .  Measurement s c a n s  w i l l  be  made 

p e r i o d i c a l l y  by d i a l i n g  up measurements i n  t h e  CIF and t h e  Sa tu rn  V 

Measuring S t a t i o n .  

i n o p e r a t i v e  measurements by viewing t h e  same d a t a  as i t  i s  be ing  t r a n s -  

m i t t e d  t o  t h e  H u n t s v i l l e  Operat ions Support  Center  (HOSC) from t h e  CIF. 

MSFC w i l l  i n  most i n s t a n c e s  be a b l e  t o  v e r i f y  

The Douglas S-IVB P r o j e c t  Engineer w i l l  d i c t a t e  a Memo of Agreement t o  

document those  measurements which t h e  Con t rac to r  d e c l a r e s  i n o p e r a t i v e  

p r i o r  t o  i n i t i a t i o n  of t h e  au tomat ic  launch sequence. 

3.4.2 Performance Evalua t ion  Pe r iod  

The expec ted  d u r a t i o n  of t h e  t e l eme t ry  performance e v a l u a t i o n  w i l l  be  

as fo l lows:  

a. Phase I 

From AS-502 launch v e h i c l e  l i f t o f f  u n t i l  f i r s t  S-IVB s t a g e  

ECC +10 sec. 

b. Phase I1 

From AS-502 launch v e h i c l e  l i f t o f f  u n t i l  p lanned LV/SC separa-  

t i o n ,  as de f ined  i n  t h e  D e f i n i t i o n  of Sa tu rn  SA-502 F l i g h t  

Sequence Program, No. 40M33622 ( r e f e r e n c e  7 ) .  

3.4.3 Command Reauirements 

I n  o r d e r  t o  ensu re  t h e  requi red  t r ansmiss ion  of d a t a  from t h e  S-IVB s t a g e  

t e l eme t ry  system, t h e  fo l lowing  commands must be  r ece ived  from t h e  I U  as 

scheduled i n  t h e  sequence of e v e n t s :  

S p e c i a l  c a l i b r a t i o n  r e l a y s  ON PCM t r a n s m i t t e r  ON 

S p e c i a l  c a l i b r a t i o n  r e l a y s  OFF PCM t r a n s m i t t e r  OFF 

Regular  c a l i b r a t i o n  r e l a y s  ON Slow reco rd  ON 

Regular  c a l i b r a t i o n  r e l a y s  OFF Slow reco rd  OFF 
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FM transmitters ON 

FM transmitters OFF 

FM SCO assemblies ON 

FM SCO assemblies OFF 

SSB/FM transmitter ON 

SSB/FM transmitter OFF 

Fast record ON 

Fast record OFF 

Recorder playback ON 

Recorder playback OFF 

Emergency playback ON 

Emergency playback OFF 
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TABLE 3-3 (Sheet  1 of  2) 
PCF AND ECF PARAMETER DEFINITION 

PARAMETER 

Range 

Cross-range 

A l t i t u d e  

Ve loc i ty  v e c t o r  
m a  g n i  t u  de  

Ve loc i ty  v e c t o r  d i r e c t i o n  

P i t c h  a t t i t u d e  

P i t c h  rate 

P i t c h  a t t i t u d e  e r r o r  

Yaw a t t i t u d e  

Yaw rate 

DE FIN1 TION 

S p h e r i c a l  e a r t h  ground range. Based on t h e  
s p h e r i c a l  e a r t h  range  ang le  and t h e  average 
e a r t h  r a d i u s .  

Component of v e h i c l e  p o s i t i o n  as measured 
l a t e r a l l y ,  a long a l i n e  normal t o  t h e  p lane  
conta in ing  t h e  f l i g h t  azimuth, t h e  launch 
pad plumbline,  and t h e  e a r t h  c e n t e r .  P o s i t i v e  
is t o  t h e  r i g h t ,  l ook ing  a long  t h e  azimuth 
d i r e c t  i on .  

Dis tance  between t h e  s p h e r o i d ' s  s u r f a c e  and 
v e h i c l e  measured along t h e  normal t o  t h e  
e a r t h ' s  s u r f a c e ,  p o s i t i v e  up. 

Measured wi th  r e s p e c t  t o  non-ro ta t ing  space  
f i x e d  r e f e r e n c e  system. 

Angle between i n e r t i a l  v e l o c i t y  v e c t o r  and a 
p lane  pe rpend icu la r  t o  t h e  in s t an taneous  
e a r t h  r a d i u s  v e c t o r .  

I n e r t i a l  Eu le r  ang le  measured between t h e  
p l a t fo rm "P" coord ina te  system and t h e  v e h i c l e  
f i x e d  "M" system. The r o t a t i o n  o r d e r  is  
p i t c h ,  yaw, r o l l .  P i t c h  a t t i t u d e  is measured 
n e g a t i v e l y  nose  downrange from t h e  launch 
ver t ica l ,  i n  t h e  p i t c h  p lane .  

Angular v e l o c i t y  about  v e h i c l e  p i t c h  a x i s ,  
p o s i t i v e  nose up. 

Commanded p i t c h  a t t i t u d e  minus t h e  v e h i c l e  
p i t c h  a t t i t u d e  measured i n  v e h i c l e  
coord ina tes .  

I n e r t i a l  Eu le r  ang le  measured between t h e  
p l a t fo rm "P" coord ina te  system, and t h e  
v e h i c l e  f i x e d  I'M" system. The r o t a t i o n  o r d e r  
i s  p i t c h ,  yaw, r o l l .  Yaw a t t i t u d e  is  
measured p o s i t i v e  nose  t o  t h e  r i g h t  i n  t h e  
yaw p lane ,  as s e e n  look ing  forward w i t h  
p o s i t i o n  one down. 

Angular v e l o c i t y  about  v e h i c l e  yaw a x i s ,  
p o s i t i v e  nose  r i g h t .  
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TABLE 3-3 (Sheet  2 of 2) 
PCF AND ECF PARAMETER DEFINITION 

PARAMETER 

Yaw a t t i t u d e  e r r o r  

R o l l  a t t i t u d e  

Ro l l  rate 

Ro l l  a t t i t u d e  e r r o r  

I n c l i n a t i o n  ( i )  

E c c e n t r i c i t y  ( e )  

Longitude of Descending 
Node (ON) 

DEFINITION 

Commanded yaw a t t i t u d e  minus t h e  v e h i c l e  yaw 
a t t i t u d e  measured i n  v e h i c l e  c o o r d i n a t e s .  

I n e r t i a l  Eu le r  ang le  measured between t h e  
p l a t fo rm "P" c o o r d i n a t e  s y s  tern and t h e  v e h i c l e  
f i x e d  "M" system. 
p i t c h ,  yaw, r o l l .  R o l l  a t t i t u d e  is  measured 
p o s i t i v e  i n  t h e  r o l l  p l a n e  i n  a c lockwise  
d i r e c t i o n  as s e e n  looking  forward. 

The r o t a t i o n  o r d e r  is 

Angular v e l o c i t y  about  v e h i c l e  r o l l  a x i s ,  
p o s i t i v e  clockwise looking  forward. 

Commanded r o l l  a t t i t u d e  minus t h e  v e h i c l e  
r o l l  a t t i t u d e  measured i n  v e h i c l e  c o o r d i n a t e s .  

Elements of w a i t i n g  o r b i t .  Longitude of 
descending node is measured i n  t h e  e a r t h ' s  
e q u a t o r i a l  p l ane  r e l a t i v e  t o  t h e  l o n g i t u d e  of 
t h e  launch s i t e  a t  Guidance Reference Release, 
p o s i t i v e  east. Ca lcu la t ed  as shown i n  
t a b l e  3 - 4 .  

Energy of  w a i t i n g  o r b i t ,  Equals twice t h e  
t o t a l  w a i t i n g  o r b i t  v i s -v iva  energy. 
l a t e d  as shown i n  t a b l e  3 - 4 .  

Calcu- 
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TABLE 3-4 
EQUATIONS FOR C3, INCLINATION,  NODE PARAMETER AND ECCENTRICITY 

The equa t ions  used t o  c a l c u l a t e  e c c e n t r i c i t y ,  C3, node, and i n c l i n a t i o n  

f o r  t h e  AS-502 S-IVB ECF'S are l i s t e d  below. 

used t o  c a l c u l a t e  t h e  sub-equations of P and y are i n  t h e  A p o l l o  

Coordina te  System Standard  13. 

P o s i t i o n  and v e l o c i t y  d a t a  

2 2 2 (211 - RV ) ( 1  - s i n  y) RV 
2 E c c e n t r i c i t y  = 

u 

c3 

No de 

2 2 u  
= -7 

I n c l i n a t i o n  = cos 

- - -  
Using P = V x R  

P = P s i n  AZ + P2 cos AZ u 3  

= -  P s i n  4 cos  AZ + P cos $L + P s i n  $ s i n  A 
pV 3 L 1 2 L 2 

- - -  P cos $IL cox A - P s i n  4 + P2 cos $I s i n  A 
p" 3 2 1  L L z 

P -  uv -4- U 

Y =  
x x + Y + + z z  

sin-' ( Rv ) 
3 2  3.986032E14 m /sec 

72 deg 

28.60842 deg 
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TABLE AP 1-1 (Sheet  1 of 2 )  
GLOSSARY AND ABBREVIATIONS 

TERM - 
-- 

ABBREVIATION DEFINITION 

Apollo Sa tu rn  AS 

CPIF 

CIF 

CSM 

DAC 

DAC/FTC 

Cost  p l u s  i n c e n t i v e  f e e  -- 

C e n t r a l  In s t rumen ta t ion  F a c i l i t y  -- 

Command service module -- 

Douglas A i r c r a f t  Company -- 

Douglas A i r c r a f t  Company, 
F l o r i d a  T e s t  Center  

deg 

EBW 

ECC 

ECF 

EDS 

FM 

HOSC 

H/W 

I P & C L  

I U  

km 

LV 

MS FC 

NASA 

Degree -- 

Exploding br idgewire  -- 

Engine Cutoff Command 

End Condi t ions  of F l i g h t  -- 

Emergency De tec t ion  System -- 

Frequency modulation -- 
H u n t s v i l l e  Opera t ions  Support  Center  -- 

Hardw i r e  -- 

Ins t rument  Program and Components L i s t  -- 

Instrument  Unit  -- 

Kilometers  -- 

Launch v e h i c l e  

Marsha l l  Space F l i g h t  Center  

Na t iona l  Aeronaut ics  and Space 
Adminis t ra t ion  

PCF 

PCM 

Precond i t ions  of F l i g h t  -- 

Pul se  code modulation 
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ABBREV I AT I O N  

RF 

SA 

sc 

s co 

s-I1 

s-IC 

S- IVB 

SSB 

T/M 

U/R 

TABLE AP 1-1 (Sheet  2 of 2 )  
GLOSSARY AND ABBREVIATIONS 

TERM - 
-- 
-- 

-- 

Spacec ra f t  

DEFINITION 

Radio frequency 

Range s a f e t y  

Sa tu rn  

Inc ludes  Apollo command and s e r v i c e  
module and LM a d a p t e r  

Sub - c a r r i e r  o s  c i  1 l a  t o r 

Second s t a g e  of t h e  Sa tu rn  V (500) 
series of v e h i c l e s  

F i r s t  s t a g e  of t h e  Sa tu rn  V (500) 
series of v e h i c l e s  

Second s t a g e  of t h e  Sa tu rn  I B  (200) 
series of v e h i c l e s  and t h i r d  s t a g e  of 
t h e  Sa tu rn  V (500) series of v e h i c l e s  

S i n g l e  s ideband 

Telemetry 

Ullage rocke t  
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(2)  SA-502 Launch Vehicle  Mission D i r e c t i v e ,  (prepared  by Sa tu rn  V 
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C a l i f o r n i a ,  da ted  March 9, 1967. 

(6)  In s t rumen ta t ion  Program and Components L i s t  S-IVB-502, 

1B43567AL, Douglas A i r c r a f t  Company, Huntington Beach, 

C a l i f o r n i a ,  Revis ion AL, da t ed  February 2 1 ,  1968. 

(7) D e f i n i t i o n  of Sa turn  SA-502 F l i g h t  Sequence Program, I n t e r f a c e  

Con t ro l  Document No. 40M33622C (prepared  by Airborne E l e c t r i c a l  

Systems Branch, A s t r i o n i c s  Labora tory)  Marsha l l  Space  F l i g h t  
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